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Description 

[0001] This invention relates to improvements in 
transducer arrays used for ultrasonic diagnostic imag- 
ing, and in particular to ultrasonic transducer arrays 3 
which are focused in the elevation direction. 
[0002] The use of transducer arrays, in which a group 
of individual elements are electronically actuated and 
sampled to steer and focus a beam of ultrasonic energy, 
is well known. The elements of an array may comprise 
rings which are concentrically arranged to form an an- 
nular array. The present invention relates to linear ar- 
rays in which the elements are physically arranged in a 
straight line, conventionally used for linear array or 
phased array imaging. The linear array may also be 
curved in the dimension of the imaging plane so that the 
beams are concurrently mechanically spread in a fan 
shaped imaging plane. These linear arrays are ideal for 
scanning and forming images in a planar region in front 
of the array. 

[0003] The longitudinal disposition of the array ele- 
ments permits the beam of the array to be electronically 
focused into a narrow beam in the plane of the image. 
The single row of elements of the array does not enable 
electronic focusing in the transverse, thickness dimen- 
sion of the plane, which is often desirable in order to 
obtain high resolution of a thin image "slice". The con- 
ventional technique for restricting the beam to a thin im- 
age plane is to mechanically focus the beam in this 
transverse, or elevational, dimension, either by contour- 
ing the elements in this dimension or lensing each ele- 
ment. More recently it has been shown that elevational 
focusing can be achieved by controlling the piezoelec- 
tric properties of the elements in this dimension. In this 
technique, known as shaded polarization, intense, gra- 
dated electric fields are uniformly applied to each ele- 
ment to taper the polarization of the piezoelectric ele- 
ments so that they are most strongly polarized in the 
center and polarized to a lesser degree toward each end 
of the element in the elevational direction. The tech- 
nique shapes the acoustic transmissivity of each ele- 
ment to be greater along the longitudinal center line of 
the array and lesser toward each elevational side. A sig- 
nificant disadvantage of the technique is the difficulty of 
precisely controlling the magnitude and gradient of the 
polarization shading. 

[0004] It is also known to accomplish elevational fo- 
cusing electronically, applying the same principle that is 
used to focus the beam longitudinally. Second, third, 
and additional rows of elements may be arranged along 
side and parallel to the first longitudinal row of elements. 
This forms individual rows of elements in the elevational 
direction and the timed actuation and sampling of these 
elements enables the electronic focusing of the beam 
in the elevational dimension. But it may be seen that the 
electronic approach greatly increases the complexity of 
the ultrasound system. The number of elements of the 
array will triple or bettor: a 128 element array becomes 



a two dimensional array of 384 or more elements. There 
is a corresponding increase in the number of transmit- 
ters and receivers required to operate the two dimen- 
sional array, which will greatly Increase the cost of the 

system. 

[G0Q5] wS-A-c C33 453 ctecr : bas art alternative lens- 
ing technique in which the transducer subelements have 
different heights and are dispersed Into rows of unequal 
length such that the arrangement causes the transducer 
to accurately approximate a Fresnel lens. 
[0006] Accordingly, it is desirable to provide a trans- 
ducer array which exhibits improved performance over 
conventional mechanical elevational focusing tech- 
niques, while avoiding the greatly increased cost and 
complexity of electronic elevational focusing. 
[0007] In accordance with the present invention as 
claimed in claims 1 or 1 0, a transducer array is provided 
for focusing of the ultrasonic beam in the elevational di- 
rection. In a first embodiment, the transducer array com- 
prises a composite structure of elements of piezoelectric 
material and a bonding matrix of non piezoelectric ma- 
terial. The electro-mechanical coupling coefficients of 
the elements of piezoelectric material are controlled by 
controlling their respective aspect ratios in a manner 
such that elements along the longitudinal centerline of 
the array exhibit greater electromechanical coupling 
than do elements toward the longitudinal edges of the 
array. Control of the aspect ratios of the piezoelectric 
elements in the composite structure thereby affords a 
focusing of the acoustic beam in the elevational direc- 
tion. In a second embodiment, the acoustic aperture of 
the transducer array is expanded longitudinally as the 
array is focused at increasing depths. As the aperture 
expands longitudinally by the addition of an increased 
number of active elements, the aperture is correspond- 
ingly expanded In the elevation direction. In a preferred 
embodiment, the expansion causes the acoustic aper- 
ture to be wider at the longitudinal ends of the array than 
in the center, and with the most longitudinal elements to 
be formed of laterally separated but electronically com- 
mon subelements. 
[0008] In the drawings: 

FIGURE 1 is a top plan view of a linear array of pi- 
ezoelectric transducer elements; 
FIGURE 2 is a top plan view of a linear array of pi- 
ezoelectric transducer elements in which each ele- 
ment has been subdiced; 
FIGURE 2A is an enlarged edge view of the sub- 
diced array of FIGURE 2; 
FIGURE 3 is a top plan view of a transducer array 
which is focused in the elevation direction in accord- 
ance with the principles of the present invention; 
riGURE 4 is a side view of the transducer array of 
FIGURE 3; 

FIGURE 5 is a top plan view of a second embodi- 
ment of a transducer array which is focused in the 
elevation direction in accordance with the principles 
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of the present invention; 
FIGURE 5A is an edge view of one technique for 
fabricating the array of FIGURE 5, in which varying 
thicknesses are employed: 

FIGURE 8 is a top plan view of a modification o? the 5 
transducer layout configuration of the array of FIG- 
URE 5; 

FIGURE 7 is a perspective view of the focusing ef- 
fect of the transducer array of FIGURE 6; and 
FIGURE 8 illustrates the profiles of the transmitted 
acoustic beams in the elevation dimension of the 
transducer arrays of FIGURES 5 and 6. 

[0009] Referring first to FIGURE 1 , a conventional lin- 
ear array 10 of piezoelectric transducer elements is 
shown. The array 10 is comprised of a plurality of indi- 
vidual transducer elements labeled e 1t e 2> e 3 , and so 
forth in the drawing. The drawing also indicates two ori- 
entations of the array, the longitudinal direction shown 
by arrow L, and the elevational direction shown by arrow 
E. The plane in which the array operates projects out- 
ward from the center of the face of the array, in parallel 
with the longitudinal arrow L. As is well known, the trans- 
mitted beam emitted in the operating plane can be fo- 
cused in the longitudinal direction by actuating elements 
in a group of elements at nearly simultaneous but slight- 
ly different times. Through such timed ultrasonic trans- 
mission the emitted beam can be focused to a desired 
point or steered in a desired direction. 
[0010] Such focusing or steering is not possible in the 
elevational direction, however, as there is only a single 
element in the elevational direction. Electronic steering 
and focusing in the elevational direction requires addi- 
tional rows of elements, which provides a two dimen- 
sional array and increases the complexity of the driving 
and receiving electronics by a significant factor. For a 
single row, the only practical elevational focusing to be 
obtained is through mechanical effects such as curving 
or lensing the array in the elevational direction as de- 
scribed in U.S. Pat. 3,936,791, or through the technique 
of shaded polarization referred to previously. 
[0011] FIGURE 2 shows a plan view of the transmit- 
ting surface of a transducer array 1 2 similar to the array 
of FIGURE 1 , but with each element subdiced. A side 
view of the array of FIGURE 2 is provided in FIGURE 
2A, which further shows the reference potential elec- 
trode 14 on the emitting surfaces of the elements and 
the actuating electrodes 1 5, 1 7, 1 9 on the opposing sur- 
faces of each pair of subdiced elements. In array 12 
each element corresponding to e 1t e 2 , etc. of FIGURE 
1 has been subdiced into two subelements, such as e 1A 
and e 1B ; o 2A and e 2B ; and so forth. From a comparison 
of FIGURE 2 to FIGURE 1 , It Is seen that the transmitting 
surface area of each subdiced element is half that of 
each original full clement, which changes the aspect ra- 
tio of each discrete element. The aspect ratio change of 
significance to the performance of each element is the 
ratio of the transmitting surface width, indicated by W in 



4 

FIGURE 2A, to the thickness of the element between 
the electrodes, indicated by the arrow marked T in FIG- 
URE 2A. It is this ratio which determines the electro- 
mechanical coupling coefficient of the element, which is 
the magnitude cf acoustic energy that wiii resuit from a 
given quantum cf actuating energy. In the array 12, it Is 
desired to create mechanicai action in the direction of 
the thickness dimension T in order to transmit an acous- 
tic wave outward from the transmitting surface of the el- 
ements. As the aspect ratio is varied, the transfer of 
electrical energy into mechanical acoustic energy Is im- 
proved, as measured by an enhancement of the electro- 
mechanical coupling coefficient of the element. With 
other factors being equal, it is to be expected that the 
subdiced elements e 1A and e 1B would more efficiently 
convert electrical energy into acoustic energy than 
would the corresponding element e 1 of FIGURE 1 . The 
array 1 2 is operated by actuating the subdiced pairs to- 
gether, which is the reason that the energizing elec- 
trodes 15, 17, 19 bridge pairs of subdiced elements. 
[0012] In accordance with the principles of the present 
invention, the electro-mechanical coupling coefficient of 
elements of a transducer array of composite material is 
varied in the elevational direction in order to achieve a 
transmitted energy profile which is focused in the eleva- 
tion direction. A composite transducer is one in which 
piezoelectric material is suspended in a non piezoelec- 
tric matrix. A transducer array 16 which illustrates the 
application of these principles is shown in FIGURES 3 
and 4. In the plan view of the transmitting surface of the 
array 16 of FIGURE 3, the array 16 is comprised of a 
number of elements e 1( e 2 , and so forth. Each element 
is subdiced in the elevational direction into four subele- 
ments. Element e 1 is subdiced in four subelements e 1A , 
e 1B , e 1c , and e 1D . As in the case of array 12, this sub- 
dicing improves the electro-mechanical coupling coeffi- 
cient of the element e 1 in comparison with operation of 
the element as a single, unitary structure. The manner 
in which the aspect ratio of a transducer element is var- 
ied to achieve a desired change in the electro-mechan- 
ical coupling coefficient is material dependent. This 
means that a particular aspect ratio change of an ele- 
ment of one material may affect the coupling coefficient 
differently than that of another material, when an ele- 
ment of the other material is subjected to the same as- 
pect ratio change. 

[0013] Advantage is taken of the elevational subdic- 
ing by bidimensionally subdicing the elements longitu- 
dinally, and at intervals such that the width of the surface 
area of the twice subdiced elements in the elevational 
direction decreases in relation to the distance from the 
center of the element in that direction . In the figures the 
central subelement has dimensions indicated as 5-2. in 
this embotto.iu:;; t!:c centra! subelement is five units 
wide in the elevational direction and two units across its 
longitudinal direction The subelements on either side of 
the central subelement have dimensions indicated as 
4-2, which in this embodiment designates a width of four 
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units in the eisvational direction and two units across 
the longitudinal direction. The subelements extending 
outward from the center have dimensions which contin- 
ue to decline in this manner 3-2, 2-2, and 1 -2. it is seen 
that the aspect ratio of the subelements changes from 
the central subelement 5-2 to the edge subeiements 
1 -2. The change Is symmetrical about the central sube- 
lement. 

[0014] As FIGURE 4 shows, all of these subelements 
have the same thickness T. Thus, the aspect ratios 
change from the centra! subelement outward. The 
changing aspect ratios affect a decline in the electro- 
mechanical coupling coefficients of the subelements 
from the central subelement through those at the edges 
in the elevationai direction. FIGURE 4 also shows that 
the actuating electrodes 21 , 23, 26, 24, and 22 are all 
connected in common by a wire 28 soldered to each 
subelement. An electrical pulse applied to wire 28 will 
cause the central subelement (5-2) to transmit a greater 
intensity of acoustic energy that any other subelement, 
and the quantum of acoustic energy emitted by the sub- 
elements declines as one proceeds to the edges (1-1). 
Thus, while all subelements are actuated to transmit 
acoustic energy simultaneously, the profile of the trans- 
mitted energy will be concentrated at the elevationai 
center of the element as Indicated by large arrow C in 
comparison with smaller arrows S at the sides of the el- 
ement, thereby effecting a focusing of the transmitted 
energy in the elevationai direction. The focusing is 
achieved by the above described selection of the aspect 
ratios of the subelements. 

[0015] Each actuating electrode 21-26 extends 
across all four of subdiced elements e1 A-e1 D in the lon- 
gitudinal direction. All of the subelements of element el 
are thus actuated in unison. The subdicing in the eleva- 
tionai direction effects an efficient transfer of electrical 
actuating energy into acoustic energy, and the varying 
aspect ratios of the subelements from the center out- 
ward focuses the energy in the elevationai direction. 
[001 6] I n a constructed embodiment, the voids 20 be- 
tween the subelements can be air filled, or filled with a 
non piezoelectric bonding compound such as epoxy to 
retain the subelements in the matrix. FIGURE 4 also 
shows the array backed by a backing of filler material 
18 as a damping material. 

[001 7] FIGU RE 5 illustrates a second embodiment of 
the present invention which adds several further con- 
cepts to achieve elevationai focusing. FIGURE 5 shows 
an array 30 comprised of subarrays 32-40. A central 
subarray 32 is flanked on either side in the longitudinal 
direction by pairs of subarrays 34a-34b and 36a-36b. 
Like the embodiment of FIGURES 3 and 4, the central 
subarray 32 has a greater aspect ratio than any of the 
flanking subarrays, with the flanking subarrays extend- 
ing further out in the elevationai direction. In addition, 
the flanking subarray pairs are separated from each oth- 
er. The subarrays 34a-34b and 36a-36b are flanked in 
the longitudinal direction by two additional pairs of sub- 



arrays, 38a-3Sb and 40a-4Cb. The subarrays In each o! 
these pairs are separated by an even greater distance 
in the elevationai direction than are the inner pairs 34a- 
34b and 36a-36b. 

5 [0018] The array 30 is operated by actuating different 
subarray sensations depending upon the depth of 
field at which the acoustic beam is to be focused. The 
aperture of the array is expanded as acoustic waves are 
transmitted to increasing depths, in the near field the 

10 subarray 32 is operated alone, without use of any of the 
other subarrays. In an intermediate depth of field the 
flanking subarrays 34a-34b and 36a-36b are used in 
concert with the central subarray. The addition of these 
flanking subarrays expands the active aperture of the 

is array and are used together with the central array to fo- 
cus and steer the transmitted beam in the longitudinal 
direction through the timed actuation of the individual 
elements in the subarrays. Elevationai focusing is 
achieved in two ways. First, the greater aspect ratio and 

20 electro-mechanical coupling coefficient of the elements 
of the central subarray 32 cause the central subarray to 
emit greater acoustic energy than the flanking subarrays 
for the same level of actuating energy. Second, the sep- 
aration of corresponding subarrays in the flanking pairs, 

25 jn combination with a proper excitation time delay, con- 
tribute components of acoustic energy which focus the 
acoustic beam in the elevationai direction toward the 
longitudinal center of the array. 
[0019] When far field transmission is required all of 

30 the subarrays come into play. The aperture of the array 
30 is thereby expanded to its maximum in the longitudi- 
nal direction. The outermost subarrays 38a-38b and 
40a-40b contribute the same elevationai focusing effect 
as the flanking subarrays 34a-34b and 36a-36b, but to 

35 an even greater degree by virtue of their even greater 
outward positions in the elevationai direction. Thus, a 
beam which is focused in both the longitudinal and ele- 
vationai directions can be transmitted to the maximum 
operating depth of field of the array 30. 

40 [0020] In construction of the array 30, the actuating 
electrodes of vertically opposing elements of the paired 
subarrays are connected electrically in common. While 
the elements of the array may be operated separately 
at phased actuation times in the longitudinal direction, 

45 the corresponding elements of matched subarrays can 
be actuated in unison to achieve the desired focusing 
effect in the elevationai direction. 
[0021] A variation of the array 30 of FIGURE 5 is 
shown in the embodiment of FIGURES 6 and 7. In FIG- 

50 URE 6, the outline 42 represents a bar of piezoelectric 
material which has been diced as indicated by the lines 
within the outline, but with only the shaded subelements 
being connected to actuating electrodes and operable. 
A central subarray c c extends from clement e^ through 

55 element e 16 . The central subarray ec Is operated when 
the array transmits acoustic energy in the near field. As 
the depth of field increases, the longitudinally flanking 
subelements are added, beginning with subelements 



4 



7 

e 6A and egg, and e 17A and e 17B . With increasing depth 
o! field the other subelements aro added, expanding the 
aperture until the full aperture of e 1At e 1B through e 22A , 
c a2 B ! ' s employed at the greatest depth. Like the previous 
embodiment, the centra! subarray elements have a 
greater aspect ratio than do the paired subelements to 
provide greater intensity at the center of the array. The 
outward angular inciination of the pairs of separated 
subelements gives a gradual increase in the elevationa! 
focusing effect of the subelement pairs as the aperture 
is expanded with increasing depth of field. 
[0022] These effects are illustrated in the far field in 
the perspective view of the array 42 and its transmit 
plane in FIGURE 7. The transmit plane 60 is normal to 
the transmitting face of the array and aligned with its 
central longitudinal axis. A center line CL of the plane 
60 extends from the center of the centra! subarray e c . 
In the drawing figure the array 42 Is focused at a point 
F and all of the elements of the array are utilized. To 
focus the transmitted beam longitudinally, the outermost 
elements are actuated first, and the sequence of actu- 
ation proceeds inwardly until the elements in the center 
of the array are actuated last. Elevational focusing, 
which focuses the transmitted beam toward the plane 
60, is achieved by the separation of the upwardly ex- 
tending subelements 52 and their opposition by the 
downwardly extending subelements 54, and the corre- 
sponding separation of subelements 56 and 58. The 
dashed lines from the corners of the array indicate the 
effect of this elevational focusing. 
[0023] FIGURE 8 illustrates exemplary acoustic 
beam profiles for the embodiments of FIGURES 5-7. In 
this drawing the transducer array is viewed edge on, 
with the transmitted beams extending to the right. In the 
near field the central elements e c are used alone to fo- 
cus a beam P 1 at a near field focal point F v The ele- 
ments e c in this drawing correspond to the central sub- 
array 32 in FIGURE 5 or the central elements e c in FIG- 
URE 6. In the far field the central elements e c are used 
together with the outwardly extending paired elements 
e^ and e nB to produce a beam P 2 which is focused at 
a point F 2 . The array has good elevational focus char- 
acteristics in both the near and the far field. 
[0024] In the embodiment of FIGURES 6 and 7, like 
that of FIGURE 5, vertically aligned elements (elements 
which align in the elevational direction) are electrically 
connected together and operated in unison. If desired, 
however, the actuating electrodes of the vertically 
aligned elements can be electrically separated and the 
elements actuated independently of each other. This 
would provide the opportunity for deriving additional op- 
erational benefits from the array. Referring to FIGURE 
7 for instance, it would then be possible to actuate the 
upward extending subelements 52, 56 at a siightiy dif- 
ferent time than the corresponding downward extending 
subelements 54, 58. This would cause acoustic energy 
from the respective extending lines of subelements to 
arrive at the focal point and return from a target at the 
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focal point at slightly different times and phase relation- 
ships. Such timing and phase differences would consti- 
tute a spatial compounding of the acoustic beam that 
would disrupt the usual interaction of acoustic waves 

5 that loads to development of the f ami iiar speckie pattern 
in ultrasonic Images. This rradn of operation cf the array 
would enable formation of ultrasonic images with re- 
duced speckle content in comparison with simultaneous 
operation of the opposing subelements. 

w [0025] A second approach to reducing speckle con- 
tent is illustrated by FIGURE 5A, which is an edge-on 
view of the array of FIGURE 5. In FIGURE 5A the sub- 
arrays 32, 34 and 36, and 38 and 40 exhibit different 
thicknesses, providing the respective subarrays with dif- 

15 ferent frequency responses. The centra! subarray has 
the highest frequency response, the subarrays on either 
side have a lower frequency response, and the outer- 
most subarrays have the lowest frequency response. As 
the outer subarrays are added to the aperture at increas- 

20 ing depths, the subarrays with the lower frequencies be- 
come active, transmitting and receiving ultrasonic sig- 
nals. When the resulting electrical signals from all active 
subarrays are combined to form a beam, the differing 
received signal frequencies are compounded, providing 

25 reduced speckle content in the resultant beam. 



Claims 

30 1. A linear array of ultrasonic transducer elements (e 1 , 
e 2 , e 3 ...) which transmits acoustic beams in a plane 
extending from a central longitudinal axis (L) of said 
array, including a plurality of uniform elements ar- 
rayed across the full aperture in the longitudinal di- 
ss rection comprising subelements (e 1A , e 1B , e^, 
e 2B ...) arrayed in the elevational direction (E) and 
exhibiting varying aspect ratios such that the elec- 
tro-mechanical coupling coefficients of the subele- 
ments vary as a function of their distance from said 
40 central longitudinal axis, whereby an acoustic beam 
which varies in intensity in the elevational direction 
may be produced by said array. 

2. An array of ultrasonic transducer elements as 
45 claimed in Claim 1 , wherein the elements have uni- 
form electro-mechanical coupling coefficients in 
said longitudinal direction.and wherein said aspect 
ratios of said subelements vary such that subele- 
ments closer to said central longitudinal axis exhibit 

50 a greater electro-mechanical coupling coefficient 
than subelements which are further removed from 
said central longitudinal axis. 

3. The array of ultrasonic transduccrcicmcnts of c!a ; m 
55 2, wherein ail of the subelements which are arrayed 

in a given line in the elevational direction exhibit a 
common thickness, a common width in said longi- 
tudinal direction, and varying lengths in the eleva- 
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tional direction. 

4. The array of ultrasonic transducer elements of 
Claim 3, wherein each element of said array com- 
prises a plurality of said lines cf subelements which 
are arrayed in the elevationa! direction. 

5. The array of ultrasonic transducer elements as 
claimed in one of Claims 1 to 4, wherein said array 
comprises a composite array in which said subete- 
ments comprise piezoelectric ceramic material and 
the interstices between said subelements are filled 
with a non piezoelectric material. 

6. The array of ultrasonic transducer elements of 
Claim 5, wherein said non piezoelectric material 
comprises an epoxy material. 

7. An array of ultrasonic transducer elements as 
claimed in one of claims 2 to 6, wherein said ele- 
ments are identical in said longitudinal direction, 
and wherein the electro-mechanical coupling coef- 
ficients of a line of subelements arrayed in the ele- 
vational direction vary as a function of their distance 
from said central longitudinal axis with subelements 
more closely located to said central longitudinal axis 
exhibiting a greater electro-mechanical coupling 
coefficient than subelements which are further re- 
moved from said central longitudinal axis, whereby 
an acoustic beam which exhibits a greater intensity 
at the elevational center of said array than at the 
elevational edges may be produced by said array. 

8. The array of ultrasonic transducer elements of 
Claim 7, wherein all of the subelements of an ele- 
ment of said array have first and second electrodes 
located on opposite surfaces of said subelements, 
said first electrodes are electrically coupled in com- 
mon and said second electrodes are electrically 
coupled in common. 

9. The array of ultrasonic transducer elements of 
Claim 8, wherein said first electrodes are located on 
the transmitting surfaces of said subelements and 
are coupled to a reference potential, and said sec- 
ond electrodes are located on the opposite surfaces 
of said subelements and are coupled to a switched 
actuating potential. 

10. An array of ultrasonic transducer elements arrayed 
In the longitudinal direction of said array which 
transmits acoustic beams in a plane extending from 
a central longitudinal axis of said array comprising: 

a first group (32) of elements located about the 
longitudinal center of said array and operable 
for the transmission cf acoustic energy in the 
near and far fields; and 



second and third (34,36, 38,40) groups of ele- 
ments located on opposite sides of said first 
group of elements in the longitudinal direction, 
with elements of said second and third groups 

s extending a g r cater distance in the elevational 

direction from sain central longitudinal axis 
than said first group of elements, wherein said 
second and third groups of elements are oper- 
able in concert with said first group of elements 

io to provide elevational focusing in the far field. 

11. The array of ultrasonic transducer elements of 
Claim 10, wherein each of said second and third 
groups of elements comprises first and second 
is groups (34a-34b ; 36a-36b ; 38a-38b ; 40a-40b) of 
subelements which oppose each other in the eleva- 
tional direction and are acoustically separated from 
each other. 

20 12. The array of ultrasonic transducer elements of 
Claim 11, wherein opposing subelements of said 
first and second groups of subelements are actuat- 
ed in common. 

25 13. The array of ultrasonic transducer elements of 
Claim 12, wherein said elements and subelements 
are separately actuatable from each other in the 
longitudinal direction for steering and focusing of 
said beam in the longitudinal direction of said plane. 

30 

14. The array of ultrasonic transducer elements of 
Claim 11, wherein the element of said first group 
exhibit a greater length in the elevational direction 
than do said subelements of said first and second 

35 groups of subelements. 

15. The array of ultrasonic transducer elements of 
Claim 11 , wherein said first group of subelements 
(34a-38a ; 36a, 40a) of of each of said second and 

40 third groups of elements is located about a second 
longitudinal axis of said array which is offset on one 
side of said central longitudinal axis (L) in the ele- 
vational direction (E), and said second group of sub- 
elements (34b,38b ; 36b,40b) of each of said sec- 

45 ond and third groups of elements is located about 
a third longitudinal axis of said array which is offset 
on the opposite side of said central longitudinal axis 
(L) in the elevational direction (E) from that of said 
second longitudinal axis. 

50 

16. The array of ultrasonic transducer elements of 
Claim 15, wherein said second and third longitudi- 
nal axes are symmetrically offset from said central 

iongiLudlnai axl*. 

55 

17. The array of ultrasonic transducer elements of 
Claim 15, further comprising fourth and fifth groups 
of elements located on opposite sides of said sec- 
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ond and third groups of elements, respectively, 
each of said fourth and fifth groups comprising first 
and second groups of subelements which oppose 
each other in the ei ovation a! direction, wherein said 
first group of subelements of each of said fourth and 5 
fifth groups of elements is located about a fourth 
longitudinal axis of said array which is offset on one 
side of said central longitudinal axis in the eieva- 
tional direction to a greater degree than said second 
longitudinal axis, and said second group of subele- 10 
ments of each of said fourth and fifth groups of el- 
ements is located about a fifth longitudinal axis of 
said array which is offset on the apposite side of 
said central longitudinal axis in the elevational di- 
rection from that of said fourth longitudinal axis to a is 
greater degree than said third longitudinal axis. 

18. The array of ultrasonic transducer elements of 
Claim 1 1 , wherein the subelements of each of said 
groups of subelements are located along a respec- 20 
tive line in the plane of said array which is angled 
longitudinally outward from a longitudinal side of 
said first group of elements and angled at an in- 
creasing distance from said central longitudinal axis 

as it extends outward from said first group of ele- 25 
ments. 

19. The array of ultrasonic transducer elements of 
Claim 11, wherein said elements and subelements 

are separately actuatable from each other in the 30 
longitudinal direction and in the elevational direction 
for steering and focusing of said beam in the longi- 
tudinal direction of said plane and for spatially com- 
pounding the transmitted acoustic energy. 

35 

20. The array of ultrasonic transducer elements of 
Claim 10, wherein said first group of elements (32) 
exhibits a higher frequency response than said sec- 
ond (34,36) and third (38,40) groups of elements, 
whereby signals of differing frequency content are *o 
received by different groups of elements in the far 
field. 

21. The array of ultrasonic transducer elements of 
Claim 20, wherein said first group of elements (32) 45 
exhibits a lesser thickness in the transmission di- 
mension than said second (34,36) and third (38,40) 
groups of elements. 



PatentansprUche 

1 . Lineare Anordnung von Uitraschallwandlerelemen- 
tcn (o v e 2 e 2 ) die akustische StrahlenhQndel in 
eine Ebene aussendet, welche sich von einer Ion- 55 
gitudinalen Mittelachse (L) der genannten Anord- 
nung erstreckt, mit einer Vielzahl von gleichformi- 
gen Eiementen, die in der longitudinaien Richtung 
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Qber die vclle Apertur angeordnet slnd una Teileie- 
mento (e 1A . c 1B , c 2A , e 2B<> . ) umfassen, die in Ele- 
vationsrichtung (E) angeordnet slnd und unter- 
schiedliche Scltcr.vcrhaitnisso aufweisen, so dass 
die eiektromeehanischen Kopplungskoeffizienten 
der Tcllclcmcntc In Abhlngigkelt vcm Abstand der 
Teilelemente zur genannten longitudinaien Mittel- 
achse variieren, wodurch ein akustisches Strahien- 
bundel dessen intensitat in der Efevationsrichtung 
variiert, durch die genannte Anordnung erzeugt 
werden kann. 

2. Anordnung von Uitraschaliwandlereiementen nach 
Anspruch 1, wobei die Eiemente gleichformige 
elektromechanische Kopplungskoeffizienten in der 
genannten longitudinaien Richtung haben, und wo- 
bei die genannten Seitenverhaltnisse der genann- 
ten Teilelemente so variieren, dass diejenigen Teil- 
elemente, die naher an der genannten longitudina- 
ien Mittelachse liegen, einen grofteren eiektrome- 
chanischen Kopplungskoeffizienten aufweisen ais 
diejenigen Teilelemente, die weitervon der genann- 
ten longitudinaien Mittelachse entfernt liegen. 

3. Anordnung von Uitraschaliwandlereiementen nach 
Anspruch 2, wobei aileTeilelemente, die in einer be- 
stimmten Linie in der Elevationsrichtung angeord- 
net sind, eine gemeinsame Dicke und eine gemein- 
same Breite in der longitudinaien Richtung und un- 
terschiedliche Langen in der Elevationsrichtung 
aufweisen. 

4. Anordnung von Uitraschaliwandlereiementen nach 
Anspruch 3, wobei jedes Element der genannten 
Anordnung eine Vielzahl der genannten Teilele- 
ment-Linien umfasst, die in der Elevationsrichtung 
angeordnet sind. 

5. Anordnung von Uitraschaliwandlereiementen nach 
einem der Anspriiche 1 bis 4, wobei die genannte 
Anordnung eine Verbundanordnung umfasst, in der 
die genannten Teilelemente aus piezoelektrischem 
Keramikmaterial bestehen und die Zwischenraume 
zwischen den genannten Teilelementen mit einem 
nicht-piezoelektrischen Material gefullt sind. 

6. Anordnung von Uitraschaliwandlereiementen nach 
Anspruch 5, wobei das genannte nicht-piezoelektri- 
sche Material ein Epoxidharzmaterial umfasst. 

7. Anordnung von Uitraschaliwandlereiementen nach 
einem der Anspriiche 2 bis 6, wobei die genannten 
Eiemente in der genannten longitudinaien Richtung 
identisch s'nd und wolos?! die e'ektromechs^'schen 
Kopplungskoeffizienten von einer Linie von Teilele- 
menten, die in der Elevationsrichtung angeordnet 
sind, in Abhangigkeit vom Abstand der Teilelemen- 
te zur genannten longitudinaien Mittelachse variie- 
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ren, wobei Teiieiemente, die naher an der genann- 
ten longitudinalen Mittelachse liegen. einen groSe- 
ren elektromechanlschen Kopplungskoeffteienten 
aufwolsen als Tnllelemento, die woitor von dor lon- 
gitudinalen Mittelachse entfernt sind. woriurch ein 
akustlsches StrahlcnbDndc! durch die genannte 
Anordnung erzeugt werden kann, dessen Intensitat 
in der fclevationsmitte der genannten Anordnung 
grdBer 1st als an den Eievationsrandern. 

8. Anordnung von Ultraschaliwandlerelementen nach 
Anspruch 7, wobei alieTeilelemente eines Elemen- 
tes der genannten Anordnung uber erste und zwei- 
te Elektroden verfugen, die an gegenuberliegenden 
Flachen der genannten Teilelemente positionlert 
sind, wobei die genannten ersten Elektroden elek- 
trisch miteinander verbunden sind und die genann- 
ten zweiten Elektroden elektrisch miteinander ver- 
bunden sind. 

9. Anordnung von Ultraschaliwandlerelementen nach 
Anspruch 8, wobei die genannten ersten Elektro- 
den auf den sendenden Flachen der genannten 
Teilelemente positionlert sind und mit einem Refe- 
renzpotential verbunden sind, und die genannten 
zweiten Elektroden auf den gegenuberliegenden 
Flachen der genannten Teilelemente positionlert 
sind und mit einem geschalteten Betatigungspoten- 
tial verbunden sind. 

10. Anordnung von Ultraschaliwandlerelementen in der 
longitudinalen Richtung der genannten Anordnung, 
die akustische Strahlenbundel in einer Ebene aus- 
sendet, die sich von einer longitudinalen Mittelach- 
se der genannten Anordnung erstreckt, mit: 

einer ersten Gruppe (32) von Elementen, die 
urn die longitudinale Mitte der genannten An- 
ordnung herum positionlert sind und zur Aus- 
sendung von Schallenergie in das Nahfeld und 
in das Fernfeld dienen; und 
einer zweiten und einer dritten Gruppe (34, 36, 
38, 40) von Elementen, die auf gegenuberlie- 
genden Seiten der genannten ersten Gruppe 
von Elementen in longitudinaler Richtung posi- 
tionlert sind, wobei die Elemente der genann- 
ten zweiten und dritten Gruppe in der Elevati- 
onsrichtung in einem groSeren Abstand von 
der genannten longitudinalen Mittelachse an- 
geordnet sind als die Elemente der ersten 
Gruppe, wobei die genannte zweite und die ge- 
nannte dritte Elementgruppe dazu dienen, ge- 
meinsam mit der ersten Elementgruppe fur ei* 

gen. 

11. Anordnung von Ultraschaliwandlerelementen nach 
Anspruch 10, wobei jede der genannten zweiten 
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und dritten Elementgruppen erste und zweite Teil- 
elementgruppen {34a - 34b ; 36a - 36b ; 38a - 38b ; 
40a - 40b) umfasst, die einander in der Elevatrons- 
richtung gerjenQherllegen und akustlsch voneinan- 
5 der getrennt sind. 

12. Anordnung von Ultrascha!iwandicrelemen*en nach 
Anspruch li, wobei die sich gegenuberiiegenden 
Teilelemente der genannten ersten und zweiten 

10 Teiielementgruppen gemeinsam betStigt werden. 

13. Anordnung von Ultraschaliwandlerelementen nach 
Anspruch 12, wobei die genannten Elemente und 
Teilelemente in der longitudinalen Richtung ge- 

15 trenntvoneinanderbetatigt werden konnen, umdas 
genannte Strahlenbundel in der longitudinalen 
Richtung der genannten Ebene zu lenken und zu 
fokussieren. 

20 14. Anordnung von Ultraschaliwandlerelementen nach 
Anspruch 1 1 , wobei das Element der genannten er- 
sten Gruppe eine groBere Lange in Elevations rich- 
tung aufwerst als die genannten Teilelemente der 
ersten und der zweiten Teiielementgruppen. 

25 

15. Anordnung von Ultraschaliwandlerelementen nach 
Anspruch 1 1 , wobei die genannte erste Gruppe von 
Teilelementen (34a-38a ; 36a, 40a) von der ge- 
nannten zweiten und der genannten dritten Gruppe 

30 von Elementen urn eine zweite longitudinale Achse 
der genannten Anordnung positioniert ist, die auf ei- 
ner Seite von der genannten longitudinalen Mittel- 
achse (L) in Elevationsrichtung (E) versetzt ist, und 
wobei die genannte zweite Gruppe von Teilelemen- 

35 ten (34b, 38b ; 36b, 40b) von der genannten zwei- 
ten und der genannten dritten Gruppe von Elemen- 
ten urn eine dritte longitudinale Achse der genann- 
ten Anordnung positioniert ist, die auf der gegen- 
uberliegenden Seite der longitudinalen Mittelachse 

40 (L) in Elevationsrichtung (E) von der der genannten 
zweiten longitudinalen Achse versetzt ist. 

16. Anordnung von Ultraschaliwandlerelementen nach 
Anspruch 15, wobei die genannte zweite und die 

45 genannte dritte longitudinale Achse symmetrisch 
von der genannten longitudinalen Mittelachse ver- 
setzt sind. 

17. Anordnung von Ultraschaliwandlerelementen nach 
50 Anspruch 15, die weiterhin vierte und funfte Elem- 
entgruppen auf der den genannten zweiten bzw. 
dritten Elementgruppen gegeniiberliegende Seite 
umfasst, wobei die genannte vierte und funfte Grup- 
pe crc*o urtd zweite Te!!c!crr?crtg nipper? umfasssn, 

55 die einander in Elevationsrichtung gegenuberlie- 
gen, wobei die genannte erste Gruppe von Teilele- 
menten von der genannten vierten und der genann- 
ten fiinften Gruppe von Elementen urn eine vierte 
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longitudinals Achse der genannten Anordnung po- 
sitioniert ist, die auf der einen Seite der genannten 
longitudinalen Mittelachse in Elevationsrichtung in 
groBercm MaBe versetzt ist als die genannte zweite 
longitudinal Achso, uv.tl wobei die genannte zwe:- 5 
te Gruppe von Teiieiementert von der genannten 
vierten und der genannten funften Gruppe von Ele- 
ment um eine funfte Iongltudinale Achse der ge- 
nannten Anordnung positioniert ist, die auf der ge- 
genuberiiegenden Seite der genannten longitudi- 10 
nalen Mittelachse in Elevationsrichtung von der der 
genannten vierten longitudinalen Achse in groBe- 
rem MaBe versetzt ist a!s die genannte dritte longi- 
tudinale Achse. 

15 

18. Anordnung von Ultraschallwandlerelementen nach 
Anspruch 11 , wobei die Teiielemente von jeder der 
genannten Gruppen von Teilelementen auf einer 
betreffenden Linie in der Ebene der genannten An- 
ordnung liegen, die sich longitudinal in einem Win- 20 
kel von einer longitudinalen Seite der genannten er- 
sten Elementgruppe nach auBen erstreckt und mit 
zunehmendem Abstand von der genannten longi- 
tudinalen Mittelachse, wenn sie sich von der ge- 
nannten ersten Gruppe von Elementen nach auBen 25 
erstreckt, gewinkelt ist. 

19. Anordnung von Ultraschallwandlerelementen nach 
Anspruch 11, wobei die genannten Elemente und 
Teiielemente getrenntvoneinander in longitudinaler 30 
Richtung und in Elevationsrichtung zu betatigen 
sind, um das genannte Strahlenbundel in der longi- 
tudinalen Richtung der genannten Ebene zu tenken 
und zu fokussieren und um die ausgesendete 
Schallenergie raumlich zusammenzufugen. 35 

20. Anordnung von Ultraschallwandlerelementen nach 
Anspruch 1 0, wobei die genannte erste Gruppe von 
Elementen (32) einen hoheren Frequenzgang auf- 
weist als die genannte zweite (34, 36) und die ge- 40 
nannte dritte (38, 40) Gruppe von Elementen, wo- 
durch Signale von unterschiedltchem Frequenzge- 
halt durch verschiedene Elementgruppen im Fern- 
feld empfangen werden. 

45 

21 . Anordnung von Ultraschallwandlerelementen nach 
Anspruch 20, wobei die genannte erste Gruppe von 
Elementen (32) eine geringere Dicke in der Aussen- 
dungsdimension aufweist a!s die genannte zweite 
(34, 36) und die genannte dritte (38, 40) Gruppe von so 
Elementen. 



Revendications 

55 

1 . Groupement lineaire d'eiements de transducteur a 
ultrasons (e 1; e 2 e 3 ...) qui transmet des faisceaux 
acoustiqucs dans un plan s'etendant a partir d'un 
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axe longitudinal centra! (L) dudit groupement, in- 
cluant uno pluralite d'eiements uriformes groupes 
sur toute i'ouverture dans Ie sens longitudinal com- 
prenant des sous-eiements (o 1A , o 13 , e^, e 2B ) 
groupes dans !e sens ti ! e!evation [t) et presentant 
des rapports :argeu>:ra::tnur varabies de telle sor- 
ts que ies coefficients de coupiage eiectromecani- 
que des sous-eiements varient en fonction de leur 
distance par rapport audit axe longitudinal central, 
de telle sorte qu'un faisceau acoustique qui varie 
en intensity dans Ie sens d'6ievation peut §tre pro- 
duit par ledit groupement. 

2. Groupement d'eiements de transducteur a ultra- 
sons suivant la revendication 1 , dans lequel Ies ele- 
ments presentent des coefficients de coupiage 
eiectromecanique uniformes dans ledit sens longi- 
tudinal, et dans lequel lesdits rapports largeur-hau- 
teur desdits sous-eiements varient de telle sorte 
que les sous-eiements Ies plus proches dudit axe 
longitudinal central presentent un coefficient de 
coupiage eiectromecanique superieur a celui des 
sous-eiements qui sont plus 6loign6s dudit axe lon- 
gitudinal central. 

3. Groupement d'eiements de transducteur a ultra- 
sons suivant la revendication 2, dans lequel I'en- 
semble des sous-eiements qui sont groupes dans 
une ligne donnee dans Ie sens d'eievation presen- 
tent une epaisseur commune, une largeur commu- 
ne dans ledit sens longitudinal et des longueurs va- 
riables dans Ie sens d'6I6vation. 

4. Groupement d'eiements de transducteur a ultra- 
sons suivant la revendication 3, dans lequel chaque 
element dudit groupement comprend une plurality 
desdites lignes de sous-eiements qui sont groupes 
dans ie sens d'6ievation. 

5. Groupement d'6l6ments de transducteur a ultra- 
sons suivant Tune quelconque des revendications 

1 a 4, dans lequel ledit groupement comprend un 
groupement composite dans lequel lesdits sous- 
eiements comprennent un materiau c6ramique pie- 
zo6lectrique et les interstices entre lesdits sous-eie- 
ments sont remplis d'un materiau non pi6zoeiectri- 
que. 

6. Groupement d'eiements de transducteur a ultra- 
sons suivant la revendication 5, dans lequel ledit 
materiau non piezoeiectrique comprend un mate- 
riau epoxy. 

7. Grouperar,: $£\trr t zr.X2 dz traneductcu' f: »!!ra- 
sons suivant I'une quelconque des revendications 

2 a 6, dans leque! lesdits elements sont identiques 
dans ledit sens longitudinal, et dans lequel les coef- 
ficients do coupiage eiectromecanique d'une ligne 
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da sous-elements groupes dans I© sens d'elevation 
varient en fonction de leur distance par rapport audit 
axe longitudinal central, ies sous-elements situes 
plus pres dudlt axe longitudinal central presentant 
un coefficient de couplage electromecanique supe- s 
rieur a celui des sous-elements qui son! plus eloi- 
gned dudit axe longitudinal central, de teile sorte 
qu'un faisceau acoustique qui presente une inten- 
site supgrieure au centre d'elevation dudit groupe- 
ment a ceile aux bords d'elevation peut dtre produit 10 
par ledit groupement. 

8. Groupement d'elements de transducteur a ultra- 
sons suivant la revendication 7, dans lequel I'en- 
semble des sous-el6ments d'un element dudit grou- is 
pement comprennent des premieres et deuxiemes 
electrodes situees sur des surfaces opposees des- 
dits sous-elements, lesdites premieres electrodes 
sont electriquement couplees en commun et lesdi- 
tes deuxiemes electrodes sont electriquement cou- 20 
plees en commun. 

9. Groupement d'elements de transducteur a ultra- 
sons suivant la revendication 8, dans lequel lesdites 
premieres electrodes sont situees sur Ies surfaces 25 
de transmission desdits sous-elements et sont cou- 
plees a un potentiel de reference, et lesdites 
deuxiemes electrodes sont situees sur Ies surfaces 
opposees desdits sous-elements et sont couplees 

a un potentiel d'activation commute. 30 

10. Groupement d'elements de transducteur a ultra- 
sons groupes dans le sens longitudinal dudit grou- 
pement qui transmet des faisceaux acoustiques 
dans un plan s'etendant a partir d'un axe longitudi- 35 
nal central dudit groupement, comprenant : 

un premier groupe (32) d'elements situes 
autourdu centre longitudinal dudit groupement 
et pouvant fonctionner pour la transmission *o 
d'energie acoustique dans Ies champs proche 
et lointain, et 

des deuxieme et troisieme (34,36, 38,40) grou- 
pes d'elements situes sur des c6tes opposes 
dudit premier groupe d'elements dans le sens *s 
longitudinal, Ies elements desdits deuxieme et 
troisieme groupes s'etendant sur une distance 
plus grande dans le sens d'elevation dudit axe 
longitudinal central que ceux dudit premier 
groupe d'elements, ou lesdits deuxieme et troi- so 
sieme groupes d'elements peuvent fonctionner 
de concert avec ledit premier groupe d'ele- 
ments pourfournir unefocalisation en elevation 
dsns !o champ Icintain. 

55 

11. Groupement d'elements de transducteur a ultra- 
sons suivant ia revendication 10, dans lequel cha- 
cun desdits deuxieme et troisieme groupes d'eie- 
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ments comprend des premier et deuxieme groupes 
(34a-34b ; 36a-36b ; 38a-38b ; 40a -40b) de sous- 
elements qui sont opposes Ies uns aux autres dans 
le sens d'elevation et sont scpares Ies uns des 
autres sur le plan acoustique . 

12. Groupement d'elements de transducteur a ultra- 
sons suivant ia revendication 11, dans iequel des 
sous-elements en opposition desdits premier et 
deuxieme groupes de sous-elements sont actives 
en commun. 

13. Groupement d'elements de transducteur a ultra- 
sons suivant la revendication 1 2, dans lequel lesdits 
elements et sous-elements peuvent etre actives se- 
parement Ies uns des autres dans le sens longitu- 
dinal pour guider et focaliser (edit faisceau dans le 
sens longitudinal dudit plan. 

14. Groupement d'elements de transducteur a ultra- 
sons suivant la revendication 11, dans lequel Ies 
elements dudit premier groupe presentent une lon- 
gueur superieure dans le sens d'elevation a cede 
desdits sous-elements desdits premier et deuxieme 
groupes de sous-elements. 

15. Groupement d'elements de transducteur a ultra- 
sons suivant la revendication 11, dans lequel ledit 
premier groupe de sous-elements (34a-38a ; 36a, 
40a) de chacun desdits deuxieme et troisieme grou- 
pes d'elements se trouve autour d'un deuxieme axe 
longitudinal dudit groupement qui est decale sur un 
cote dudit axe longitudinal central (L) dans le sens 
d'elevation (E), et ledit deuxieme groupe de sous- 
elements (34b,38b ; 36b,40b) de chacun desdits 
deuxieme et troisieme groupes d'elements se trou- 
ve autour d'un troisieme axe longitudinal dudit grou- 
pement qui est decale sur le c6te oppos6 dudit axe 
longitudinal central (L) dans le sens d'elevation (E) 
par rapport a celui dudit deuxieme axe longitudinal. 

16. Groupement d'elements de transducteur a ultra- 
sons suivant la revendication 1 5, dans lequel lesdits 
deuxieme et troisieme axes longitudinaux sont sy- 
metriquement decales dudit axe longitudinal cen- 
tral. 

17. Groupement d'elements de transducteur a ultra- 
sons suivant la revendication 15, comprenant en 
outre des quatrieme et cinquieme groupes d'ele- 
ments situes sur des cotes opposes desdits deuxie- 
me et troisieme groupes d'elements, respective- 
ment, chacun desdits quatrieme et cinquieme grou- 

de sous-elements qui sont opposes Ies uns aux 
autres dans le sens d'elevation, de telle sorte que 
ledit premier groupe de sous-elements do chacun 
desdits quatrieme et cinquieme groupes d'elements 
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se trouveautourcPun quatrieme axo longitudinal du- 
dlt groupement qui est deca'e sur un cots' dudit axo 
longitudinal central dans le sens d'eMevation a un 
ticgre" superieur audit deuxieme axe longitudinal, ct 
ledit deuxieme groupe de scu5-£!ements de chacun 5 
desalts quatrieme et cinquieme graupes d'eiements 
se trouve autour d'un cinquieme axe longitudinal 
audit groupement qui est decale" sur le c8t6 oppose 
dudit axe longitudinal central dans ie sens d'6I£va- 
tion par rapport a celui dudit quatrieme axe longitu- to 
dinai a un degrd superleur audit troisieme axe lon- 
gitudinal. 

18. Groupement d'elements de transducteur a ultra- 
sons suivant la revendicatlon 11, dans lequel les is 
sous-£I6ments de chacun desdits groupes de sous- 
6l6ments se trouvent le long d'une ligne respective 
dans le plan dudit groupement qui forme un angle 

a l'exte>ieur dans le sens longitudinal par rapport a 
un cote" longitudinal dudit premier groupe d'6!6- 20 
ments et formant un angle a une distance croissan- 
te dudit axe longitudinal central a mesure qu'il 
s'etend a Pexterieur dudit premier groupe d'6l§- 
ments. 

25 

19. Groupement d'§l6ments de transducteur a ultra- 
sons suivant la revendication 1 1 , dans lequel lesdits 
Stements et sous-elements peuvent dtre activ6s s6- 
payment les uns des autres dans (e sens longitu- 
dinal et dans le sens d'6l6vation pour guider et fo- 30 
caliser ledit fatsceau dans le sens longitudinal dudit 
plan et pour composer dans I'espace l'6nergie 
acoustique transmise. 

20. Groupement d'e!6ments de transducteur a ultra- 35 
sons suivant la revendication 10, dans lequel ledit 
premier groupe d'6!6ments (32) pr6sente une r6- 
ponse en frequence sup6rieure auxdits deuxieme 
(34,36) et troisieme (38,40) groupes d*6l6ments, de 
telle sorte que des signaux de contenu fr6quentiel 40 
different sont recus par differents groupes d'6!6- 
ments dans le champ lointain. 

21. Groupement d*6l6ments de transducteur a ultra- 
sons suivant la revendication 20, dans lequel ledit 45 
premier groupe d'6l6ments (32) presente une 
6paisseur moindre dans la dimension de transmis- 
sion que lesdits deuxieme (34,36) et troisieme 
(38,40) groupes d'6l6ments. 
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FIG-5A 
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